The use of certain technical principles and the selection of favorable cases can optimize the results of extracorporeal shock wave lithotripsy (ESWL). The aim of this study is to review how ESWL works, its indications and contraindications, predictive factors for success, and its complications. A search was conducted on the Pubmed ® database between January 1984 and October 2013 using "shock wave lithotripsy" and "stone" as key-words. Only articles with a high level of evidence, in English, and conducted in humans, such as clinical trials or review/ meta-analysis, were included. To optimize the search for the ESWL results, several technical factors including type of lithotripsy device, energy and frequency of pulses, coupling of the patient to the lithotriptor, location of the calculus, and type of anesthesia should be taken into consideration. Other factors related to the patient, stone size and density, skin to stone distance, anatomy of the excretory path, and kidney anomalies are also important. Antibiotic prophylaxis is not necessary, and routine double J stent placement before the procedure is not routinely recommended. Alpha-blockers, particularly tamsulosin, are useful for stones >10mm. Minor complications may occur following ESWL, which generally respond well to clinical interventions. The relationship between ESWL and hypertension/diabetes is not well established.
tal of 428 studies, excluding duplicates. The summaries of these articles were assessed by two independent authors in order to select the studies with the best level of evidence in each theme covered during the review. Articles on specific and relevant topics without a level of evidence over II were also included ( Figure 1 ).
technical principles
ESWL consists of the fragmentation of calculi by means of pulsed acoustic waves at high intensity and low frequency directed at the stone from an external power source to the patient, called a lithotriptor. To optimize the results of ESWL, several technical factors must be taken into consideration, such as the type of device, 1 the energy level, the frequency of the pulses, the quality of coupling between patient and lithotripsy machine, the focal zone, the site of the calculus, and anesthetic technique.
The procedure should start with a low energy level (13-14KV) in each pulse, which is then gradually increased. 2 The successive shock waves result in direct shearing forces, as well as in the formation of cavitation bubbles around the stone, which when ruptured generate energy that enhances the fragmentation of the calculus. 3 Currently, frequencies from 60-90 shocks/minute have been chosen, with a gradual increase in energy with the aim of increasing the fragmentation of the stone and reducing the morbidity of the procedure. 4, 5 A recent meta-analysis proved the superior efficacy of ESWL with a frequency of 60 in relation to 120 shocks per minute. 4 And as demonstrated by Pace et al., 6 this benefit is clearest in calculi over 10 mm.
The correct coupling of patients to lithotripsy machines increases the success of ESWL. The presence of air in the path of the shock waves is inversely proportional to its effectiveness. [7] [8] [9] The focal zone has also been investigated to optimize the delivery of shock waves, with current recommendations for a larger focal zone (50 x 9 mm) for renal calculi and a smaller one (28 x 6 mm) for ureteral ones. 3 The preparation of the patient consists of an appropriate assessment before the procedure, using non-contrast spiral computed tomography as the investigation of choice, as it provides fundamental information regarding indication and prognosis. 10 Coagulation profiles and urine cultures should be checked prior to the procedure. The patient usually remains in a supine position, but in cases of distal ureter calculi, horseshoe kidney or pelvic kidney, changing to a ventral position generates a better "window", free from the iliac crest. According to the size, density and location of the calculus, its identification is made either by fluoroscopy or ultrasound. The latter method has the advantages of not using ionizing radiation and a greater sensitivity in the characterization of low FIGURE 1 Flowchart for the identified, selected and/or excluded studies in the review.
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Studies identified in Pubmed ® n = 2,229 density renal and ureteral stones. The exact location of the calculus is essential to the success of ESWL, so that the use of high frequency ventilation with low current volume to reduce breathing movements is a valid alternative. 11, 12 Increasing the focal zone or the use of automated tracking systems via fluoroscopy also help the correct delivery of shock waves on the calculus. 3 After general anesthesia, which is preferred owing to better results, 13 or sedation, the procedure can begin. In most services, about 3,000 pulses are applied, with a total procedure time of around 1 hour. 14 Some series have already reported the use of ESWL for calculi over 2.0 cm, but the low success rates and the need for multiple sessions to optimize results are limiting factors.
14 Owing to its low invasiveness, ESWL is also recommended in the use of ureteral calculi. 15 A recent meta-analysis demonstrated that emergency ESWL for ureteral calculi presents an overall stone-free rate of 78% (75-82%), with 79% (61-95%) in proximal ureter calculi, 78% (69-88%) in mid ureter calculi and 79% (74-84%) in distal ureter calculi. 16 
Contraindications
The formal contraindications for ESWL are: pregnancy, untreated urinary tract infection/urosepsis, decompensated coagulopathy, uncontrolled arrhythmia, and abdominal aortic aneurysm >4.0 cm. 17 In the presence of any of these conditions, other treatment methods should be proposed.
Predictors of success
A series of factors can influence the results of ESWL, especially factors related to the calculus (size, location, composition-density), factors related to renal anatomy (obstruction/stasis, hydronephrosis, stenosis of the ureteropelvic junction, calyceal diverticula, horseshoe kidney, ectopic kidney/renal fusion) and patient-related factors (obesity, skin to stone distance, renal failure).
ESWL presents results inversely proportional to the size of the calculus. A meta-analysis published on 1994 by Lingeman et al.
14 demonstrated that ESWL has a success rate of 74, 56 and 33% for kidney stones up to 1.0 cm, 1.0 to 2.0 cm and greater than 2.0 cm, respectively.
Various articles have been published studying predictors of the success of ESWL. Al-Ansari et al. 18 in a retrospective study of 427 patients with calculi up to 3.0 cm un- There are few prospective studies evaluating the predictors of success of ESWL in renal calculi. A study on 120 patients with a single renal calculus between 0.5 and 2.5 cm undergoing ESWL showed good results on a three--month follow-up with computed tomography, with 87.5% of patients free of stones or with residual calculi less than 4 mm. In this study, only the body mass index (p = 0.04) and calculus densities greater than 1000 Hounsfield units (p = 0.02) were predictors of success after the multivariate analysis. 10 A topic still under debate regarding ESWL is its indication for lower calyx calculi, where renal anatomy, more precisely the infundibular calicinal angle, infundibular length, width and height can have a negative impact. [22] [23] [24] Table 2 summarizes the main factors for poor prognosis in the success of ESWL, as well as the levels of evidence/grade of recommendation.
ESWL adjuvant factors
The use of antibiotics for ESWL in patients with sterile urine is not necessary. 25 A meta-analysis involving nine studies with a total of 1,364 patients showed that antibiotic prophylaxis did not reduce the incidence of fever (RR 0,36 95% CI 0.07-2.36, p=0.31) and urinary infection (RR 0.54, 95% CI 0.29-1.01, p=0.05) (Level of evidence: 1a; Grade of recommendation A).
Routine double-J stenting before ESWL does not increase the stone-free rate and does not reduce complications, and therefore should not be encouraged (Level of evidence: 1a; Grade of recommendation A). Even in patients with a single kidney the procedure without ureteral catheter is feasible, although it requires a careful selection of candidates. 26 A systematic review, 27 using sources such as the PubMed ® , Embase ® and Cochrane databases evaluated the results and complications of ESWL in the treatment of calculi of the upper urinary tract with or without double-J stenting before the procedure. Rate of calculus-free response, steinstrasse, lower urinary tract symptoms, hematuria, fever, infection, pain, dergoing ESWL reported a success rate (defined as patients free of calculi or fragments under 4 mm) of 78% in three months, while 53.1% of these required more than one session and 8.4% had treatment complemented by another procedure (percutaneous nephrolithotomy, flexible ureteroscopy or double-J stenting). In this study of cases, the size, location and number of calculi, as well as renal anatomy and congenital anomalies have an impact on the success rate. Calculi smaller than 10 mm had a rate of success of 90%, while those larger than 10 mm presented a rate of 70% (p <0.05). Calculi located in the renal pelvis and upper pole had a success rate of 87.3 and 88.5%, respectively, while for lower pole calculi this was 69.5% (p <0.05). Kidneys with a single calculus had a 78.3% success rate compared to 62.8% in multiple kidney calculi (p<0.01). Kidneys without dilation had an 83% success rate, while for kidneys with hydronephrosis success reached 76% (p<0.05). Kidneys without congenital anomalies had a success rate of 79% compared to 54% in kidneys with anomalies (p<0.03). In a larger study of cases encompassing 2,954 patients with calculi less than 3.0 cm undergoing ESWL, monotherapy with ESWL presented a stone-free rate of 86.7% at a 3 month follow-up. A logistic regression confirmed that size, location, number of calculi, renal anatomy and congenital disorders are predictors of success.
Some studies have analyzed the characteristics of the calculus and the patient. In a retrospective study with 111 patients with calculi under 2.0 cm submitted to ESWL, Perks et al. 19 reported a stone-free rate of 40% and complete fragmentation in 24%. The multivariate analysis including body mass index, size, location, attenuation, skin-to-stone distance (SSD) and composition of the calculation showed that the latter three factors were significantly and independently associated with elimination or complete fragmentation outcomes. Patients with favorable parameters had significantly better results than patients with unfavorable parameters (odds ratio = 7.1, 95% confidence interval = 1.6 to 32, p=0.01).
In an attempt to create a clinical nomogram for predicting the success of ESWL for renal and ureteral calculi, Wiesenthal et al. 20 studied 422 patients with renal or ureteral calculi less than 2.0 cm in size. The success rate with a single session of ESWL was 70.2 and 60.3% for renal and ureteral calculi, respectively, in a 3 month follow-up. In logistic regression, patient age, calculus area and SSD were predictors of success of ESWL for renal calculi, while the body mass index and stone size were predictors of success nausea and vomiting were analyzed, as well as the need for analgesia and auxiliary procedures for elimination of the calculi. Eight randomized studies were identified, including a total of 876 patients divided into two groups: 453 with catheters and 423 without catheters. The result of the meta-analysis showed no significant difference between groups (RR 0.97, 95% CI 0.91-1.03, p=0.27). The incidence of steinstrasse in the catheter group was similar to the group without catheters, except in one study. Nevertheless, the incidence of lower urinary tract symptoms was much higher in patients with a catheter (RR 4.10, 95% CI 2.21-7.61, p<0.00001). There was no significant difference in rates of hematuria, fever, infection, pain, nausea or vomiting, and need for analgesia or auxiliary procedures between the groups. It was concluded that double-J stenting prior to ESWL does not increase the rate of patients free from stones or reduce the need for auxiliary procedures, and boosts the presence of lower urinary tract symptoms.
In relation to care after ESWL, there is good evidence that drug treatment with alpha-blockers, specifically tamsulosin, provides benefits (Level of evidence: 1a; Grade of recommendation A). A recent meta-analysis has been published assessing the real efficacy of tamsulosin in patients undergoing ESWL, 28 verifying that the drug increases the average calculus elimination rate by 16% (5 to 27%) and decreases calculus elimination time by 8 (3 to 20) days on average. Other medication such as nifedipine have also proved effective as an adjunct to ESWL treatment, but with a higher rate of side effects such as dizziness and hypotension. 29 
Complications
A series of minor complications can occur after ESWL. Pain in the costovertebral angle and flank, the appearance of petechiae or subcutaneous bruising at the entry and exit point of the shock waves are common, requiring analgesics in up to 40% of cases. 30 Microscopic hematuria occurs in virtually all cases, however gross hematuria appears only in about one third of patient. 31 A prospective study of 3,241 patients with calculi larger than 4 mm undergoing ESWL (7,245 sessions) and monitored for a period of three months reported 4,075 complications, including renal colic (40%), gross hematuria (32%), urinary obstruction (30.9%) and perirenal hematoma or subclinical subcapsular hematoma (4.6%) as the most common. Furthermore, symptomatic bacteriuria was diagnosed in 9.7% of cases. 32 Patients with pain are effectively treated with anti-spasmodic or anti-inflammatory drugs without further intervention required in most cases, such as repeated ESWL or ureteroscopy. Patients with gross hematuria present spontaneous improvement within 48 hours in 85% of cases, and in 10 days, in virtually 100% of cases. 32 Patients with urinary obstruction can be clinically treated with alpha--blockers or surgically through double-J stenting or ure- 33 In a study of 6,172 ESWL sessions, Razvi et al. 34 evaluated the risk factors for the development of perirenal hematoma and identified intraoperative hypertension (hazard ratio = 3.3, 95% CI 1.6-10.2, p = 0.03) and use of anticoagulant/ antiplatelet agents (hazard ratio = 4.2, 95% CI 1.1 -15.9, p = 0.03) as significant.
In relation to late complications, a series of articles has sought to demonstrate an association between ESWL and the development of hypertension and diabetes. In a retrospective study of 727 patients undergoing ESWL, Chew et al. 35 did not find a higher incidence of these diseases in the study group compared with the population mean. In a study of 4,782 patients with calculi and without hypertension monitored for an average of 8.7 years, Krambeck et al. 36 also found no association between ESWL and hypertension in both univariate and multivariate analyses, including age, sex and obesity (hazard ratio = 1.03; 95% CI 0.8-1.2, p=0.77). However, in a study with the collection of prospective data via a questionnaire sent to and answered by 2,041 patients undergoing ESWL, B arbosa et al. 37 found a significant yet small increase in the incidence of hypertension in these patients compared to controls matched for age, sex and body mass index (37.8 versus 32.5%, p = 0.0009). In relation to the development of diabetes, a study with an identical design to the one mentioned above and with 1,869 patients submitted to ESWL did not find an increased incidence of diabetes in such patients compared to controls matched for age, sex and body mass index (5.2 versus 5.8%; p=0.47). 38 A study of 5,287 patients with calculi and without diabetes monitored for an average of 8.7 years found no association between ESWL and the appearance of diabetes in both univariate and multivariate analyses, including age, sex and obesity (hazard ratio = 0.92; 95% CI 0.71-1.18). 39 The association between ESWL and the development of chronic diseases (hypertension and diabetes) is unclear and studies with higher levels of evidence are needed to confirm or rule out this association (Level of evidence 2b; Grade of recommendation B). Lastly, in relation to a possible worsening of renal function after ESWL, in a study of 156 patients with a single kidney undergoing ESWL and an average follow up of 3.8 years, El-Assmy et al. 40 found no changes in creatinine levels, demonstrating the safety of this method at least in the medium term (Level of evidence: 3; Grade of recommendation B).
conclusion ESWL shows good results in the treatment of kidney stones up to 2.0 cm and is an alternative to ureteroscopy in the management of ureteral calculi. Several technical factors are important for the optimization of results, and factors related to the patient and the stone, such as its size, density, skin to stone distance, anatomy of the excretory system and renal anomalies, help predict the chances of success. Antibiotic prophylaxis and double J stent placement before the procedure are not required. Alpha-blockers may increase success rates. Early and important complications are rare and late complications are not yet proven.
resuMo
Litotripsia extracorpórea no tratamento de cálculos renais e ureterais.
A utilização de certos princípios técnicos e a seleção de casos favoráveis podem otimizar os resultados da litotripsia extracorpórea por ondas de choques (LECO). O objetivo deste trabalho é revisar os princípios de funcionamento da LECO, suas indicações e contraindicações, fatores preditivos de sucesso e suas complicações. Realizou-se uma pesquisa na base de dados do Pubmed ® entre janeiro/1984 e outubro/2013 utilizando como palavras chaves shock wave lithotripsy e stone. Apenas artigos com bom nível de evidên-cia, de língua inglesa, em seres humanos, do tipo clinical trials ou de revisão/metanálise foram incluídos. Na busca pela otimização dos resultados da LECO, diversos fatores técnicos, como o tipo de aparelho de litotripsia, energia e frequência dos pulsos, acoplamento do paciente ao litotridor, localização do cálculo e tipo de anestesia, devem ser levados em consideração. Fatores relacionados ao doente e ao cálculo, como seu tamanho, densidade, distância pele-cálculo, anatomia da via excretora e anomalias renais, também são importantes. A profilaxia com antibiótico não é necessária, e a passagem de duplo J de rotina não é recomendada. A prescrição de alfabloqueadores, particularmente a tansulosina, é benéfica em cálculos > 10 mm. Complicações menores podem ocorrer após LECO e geralmente respondem bem a condutas clínicas. A relação entre LECO e o surgimento de hipertensão e diabetes não está comprovada.
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